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ITO/E-SnO2/perovskite samples, as shown in Supplementary Fig. 11 . It can be seen that the average reflection value of ITO/E-SnO2 is 12.21% in the wavelength range of 400-800 nm. However, when the perovskite absorber layer is deposited onto the ITO/E-SnO2 substrate, the average reflection is significantly reduced to 6.88%. The reduced optical loss of the ITO/E-SnO2/perovskite is often seen for multilayer coatings for the antireflection effect due to the difference refractive index between E-SnO2 (~2.3) and perovskite (~2.9). 5, 6 The smaller reflection leads to higher IPCE of the perovskite solar cells based on E-SnO2 ETLs in the wavelengths from 400 nm to 800 nm. glass/ITO sample, which leads to less photos generated in perovskite absorber, resulting in low Jsc in devices.
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Supplementary Note 2.
In order to examine electron transport capability of the E-SnO2 film, the glass/ITO/ETL/perovskite/PCBM/Al devices were fabricated. 4 When a voltage is applied to the top ITO electrode, electrons are injected to ETL from the perovskite. The J-V curve of the E-SnO2-based device exhibits lower response voltage than that of the SnO2-based device ( Supplementary Fig. 5a ),
indicating that the electron injection from the perovskite to the E-SnO2 is easier than to the SnO2, due to the higher electron mobility of E-SnO2. In addition, Supplementary Fig. b and 5c illustrate the energy level alignment for the devices based on the SnO2 and E-SnO2 ETLs. It is clear that the Fermi level of the E-SnO2 shows a better match to the conduction band of the perovskite than that obtained for the SnO2. This provides enhancement in the observed Voc ( Fig. 4a and Table 1 ).
